Abstract-Little research has been done on the validity of posttraumatic stress disorder (PTSD) diagnoses that are found in Department of Veterans Affairs (VA) administrative data, even though they are often used in VA research. We compared PTSD diagnoses found in VA administrative data with PTSD Checklist (PCL) scores self-reported by 4,777 newly diagnosed participants in a national postal survey study. Using PCL scores of at least50 as the gold standard, we compared positive predictive values (PPVs) for at least one versus at least two PTSD diagnoses (found within 4 months of the first) in VA administrative data overall and by subgroups of interest: age, sex, and clinic where first diagnosed. The overall PPV was 75% for at least one PTSD diagnosis and 82% for at least two PTSD diagnoses. Similarly, the PPV significantly increased for all subgroup analyses when at least two PTSD diagnoses were used. The increase in PPV was greatest for those first diagnosed in primary care and for those older than 65. To select a sample of veterans with more definitive PTSD from administrative data, researchers should select those veterans with at least two PTSD diagnoses as opposed to at least one.
INTRODUCTION
The Department of Veterans Affairs (VA) has one of the largest repositories of electronically collected, administrative, national healthcare data. Researchers often use this administrative data to identify patient populations for research studies. International Classification of Diseases9th Revision (ICD-9) diagnosis codes are often used for this purpose. ICD-9 codes are entered into the local computerized patient record system to indicate a problem treated at either an outpatient encounter or during an inpatient episode of care. These data are compiled nationally and made available to researchers by the Austin Information Technology Center. Using these codes from administrative data offers many advantages to researchers, including cost-effectiveness and placing minimal or no burden on potential research participants.
Posttraumatic stress disorder (PTSD) is an important research focus within the VA. Researchers use ICD-9 codes from VA administrative data to identify populations of veterans with PTSD for inclusion in research studies. To date, little investigation has been done on the validity of PTSD diagnosis codes that are found in VA administrative data, despite the fact that they are often used for research purposes. The validity of these codes could be diminished by data entry errors, diagnostic inaccuracy, or various other factors that lead to providers incorrectly entering or not entering PTSD diagnoses into patients' records. Our overall goal is to add to the sparse, almost nonexistent, literature on the validity of PTSD diagnoses in VA administrative data. We will evaluate the validity of two PTSD administrative data algorithms by comparing them with self-reported PTSD Checklist (PCL) scores collected through a national survey. Additionally, we will look at the decrease in sample size that results from using the more restrictive algorithm and the variations in validity and sample size by important subgroups of interest: age, sex, and clinic where first diagnosed with PTSD. This information will aid researchers in identifying study samples in which a greater percentage of participants are likely to actually have PTSD. In addition, researchers will have more information with which to make decisions about using administrative data to select PTSD samples for research studies in that they will know with more accuracy the actual composition of their sample. Ultimately, these contributions will lead to more accurate inferences from VA PTSD research studies that use administrative data to select samples, which could then lead to more effective interventions for PTSD. The investigation of the validity of PTSD diagnosis codes is essential to using these codes in VA research.
BACKGROUND
Many examples exist of studies in which researchers use PTSD diagnoses from VA administrative data to obtain study samples. In one study, Mohamed and Rosenheck used PTSD diagnoses from VA administrative data to identify a population of patients with PTSD to examine prescription behavior [1] . As their sample inclusion criteria, they included all VA patients who had at least one PTSD diagnosis in administrative data in fiscal year 2004. Rosenheck and Fontana used PTSD diagnoses from VA administrative data from 180 days before and 180 days after September 11, 2001 , to examine whether the use of mental health services changed during that time frame for people diagnosed with PTSD [2] . They also used the criterion of finding at least one PTSD diagnosis in administrative records. These are just two examples.
Although several studies have used VA administrative data to select veteran samples with PTSD, to our knowledge, only two studies have examined the validity of PTSD diagnosis codes in administrative data. The first, by Magruder and Yeager, used a sample of VA primary care patients to compare ICD-9 codes in administrative data against diagnostic interview data from the ClinicianAdministered PTSD Scale (CAPS) [3] . They found that only 43 percent of those diagnosed with PTSD based on the CAPS carried a PTSD ICD-9 code in their medical record within 2 years of CAPS administration, suggesting that among primary care patients, PTSD would be underidentified on the basis of administrative data alone. Examination of subgroups revealed that providers were more apt to recognize PTSD and thus enter a PTSD diagnosis code into administrative data for middle aged (potentially Vietnam) veterans. The second study, by Frayne et al., compared various administrative data algorithms to self-reported lifetime PTSD status in a national cohort of veterans with diabetes [4] . The algorithms included using at least one versus at least two PTSD diagnoses codes in any VA record (outpatient or inpatient) within a 2-year period and comparing at least one diagnosis from mental health outpatient visits versus primary care outpatient visits versus any outpatient visit within that same 2-year period. They found that the positive predictive values (PPVs) were higher when using at least two instances of PTSD in either outpatient or inpatient administrative databases (90%) versus using at least one instance (82%). When only outpatient databases and only one instance of PTSD were used as the criteria, the PPV was higher for diagnoses associated with primary care visits (88%) than for mental health care visits (85%) or any ambulatory care visit (82%).
This study is a secondary analysis of data collected for a large national survey study.
* This large survey study's main purpose was to identify factors associated with participation in mental health treatment among veterans who were newly diagnosed with PTSD. A national sample of veterans with at least one PTSD diagnosis (ICD-9 code 309.81) during the recruitment period was identified through VA administrative data. Veterans were excluded if they had severe cognitive impairments, received antidepressants, had any mental health care (except chemical dependency), or had any PTSD-related visits in the prior year. The sample was identified through VA administrative data, specifically through the outpatient encounter files from the National Patient Care Database (NPCD). These files are updated every 2 weeks and made available to researchers; therefore, new PTSD cases were identified every 2 weeks. For every new PTSD case that was identified, a mailed survey was administered immediately. Service utilization data and prescription data were then extracted for the following 6 months in order to study participation in mental health treatment. From this larger survey study of people with at least one new PTSD diagnosis, we used administrative data to look for a second PTSD diagnosis; we also took PCL scores from the mailed survey and various demographic variables from both the survey and administrative data. The large survey study was not fully complete at the time of publication of this article. Studies published to date have not compared the use of PTSD ICD-9 diagnosis codes from VA administrative data against the PCL. Although the PCL is not the gold standard in diagnosing PTSD, it has excellent psychometric properties and diagnostic utility [5] [6] [7] .
Only two studies have been done on the validity of PTSD diagnoses found in VA administrative data. Although one study did compare different algorithms and included various subgroups, it was potentially limited in its use of self-reported lifetime status of PTSD as its gold standard. The other study included primary care patients only and did not compare different algorithms. Neither of these studies statistically compared the validity of different algorithms. Because both studies found variation in diagnostic validity among subgroups of patients [3] [4] , we also examined validity within subgroups of interest: age, sex, and clinic where first diagnosed. These results may be particularly helpful to researchers wanting to study PTSD in specific care settings, such as primary care [3, 8] or mental health [9] . In addition, high priority areas for the VA in 2009 included studying the needs of female veterans [10] and Operation Iraqi Freedom/Operation Enduring Freedom (OIF/OEF) veterans [11] . Although age is not a direct proxy for service era, it can potentially offer some insight into the validity of PTSD diagnoses from administrative data for this group.
METHODS

Study Design
The first administrative data algorithm (and less restrictive criterion), which involved selecting an individual with at least one PTSD diagnosis in administrative data, was satisfied by all 4,777 veterans in our sample because this was the condition for participating in the national survey study. The second, more restrictive, criterion was used to select individuals among the sample of 4,777 veterans for whom at least two PTSD diagnoses were found in administrative data within a 4-month period of the first diagnosis. This was the only time frame possible given that the study was recruiting patients every 2 weeks; the most recently recruited group had 4 months of data available at the time these analyses were conducted. To check the validity of this time frame, we examined participants who were recruited first for whom we had 6 months worth of follow-up data and found that in 100 percent of cases in which a second diagnosis had been assigned, this diagnosis was given within 2 months of the first one. Therefore, this 4-month window appears to be adequate to determine rates of subsequent PTSD diagnoses. The 4-month window was used for all participants.
Study Sample
This study includes only veterans who had at least one new PTSD diagnosis (ICD-9 code 309.81) in VA administrative data between January 14, 2008, and January 24, 2008 (pilot study) or between May 12, 2008, and January 22, 2009 (main study). Together, there were approximately 30 weeks of total recruitment. Every 2 weeks an average of 1,822 individuals were identified; thus, a total of 27,330 patients were found to be eligible based on the study inclusion/exclusion criteria. Of the people identified every 2 weeks, an average of 571 people were sampled or invited to participate in the survey; the total number of invitations sent was 8,562. Of those, 6 people were deceased and 599 surveys were undeliverable, leaving 7,957 people who received a survey. Questionnaires were sent to each of these veterans, of which 5,207 (65%) completed and returned them. Of our responders, 4,777 (92%) completed all 17 items of the PCL. Our analyses were therefore based on survey and administrative data for these 4,777 veterans.
Data Sources
Administrative Data
The outpatient encounter data from the NPCD was used for sample selection as well as to search for a second PTSD diagnosis code within 4 months of the first. Additionally, clinic type, sex, and age were also taken from this administrative data source. All demographic variables used for responder-nonresponder analysis were taken from administrative data; they include race/ethnicity, sex, marital status, age, OIF/OEF status, service connection for PTSD status, general service connection status, and census region. All administrative variables were extracted at the time that the patient was determined eligible for the study. Clinic type where first diagnosed was derived from stop code information and was categorized into three categories: primary care, non-PTSD mental health clinic, and PTSD clinics. New PTSD diagnoses made in other clinics were excluded from this study. Age was categorized into three categories: <45, 45-64, and 65.
Survey Data
PCL scores and education level were taken from the survey. Additionally, marital status and race/ethnicity were taken from the survey and supplemented with administrative data where missing. Multiple mailings were used in accordance with Dillman's methods [12] .
PCL
The PCL is a self-report questionnaire consisting of 17 Diagnostic and Statistical Manual of Mental Disorders (DSM)-Fourth Edition PTSD symptoms. They are rated on a five-point scale ranging from "not at all" to "extremely." Items are added to obtain a total score. The higher the score, the more symptoms are present. The PCL is useful in a variety of screening and clinical contexts, especially when administration of a structured interview is not feasible. It can be used as a continuous measure of PTSD symptoms or it can be used to derive a PTSD diagnosis [13] [14] . A cutoff score of 50 was used for this analysis to indicate PTSD status because it is the most commonly used cut-off score in military and veteran populations [15] and because it has been shown to be a good indicator of PTSD status when compared with both the CAPS [13] and the Structured Clinical Interview for DSM (SCID) [14] , which are two gold standards for diagnosing PTSD in the field.
Statistical Analysis
To measure the validity of PTSD administrative data algorithms, we calculated the proportion of veterans with PCL scores of 50 for those who had at least one diagnosis and for those who had at least two for the entire sample and by subgroups of interest: age, sex, and clinic where first diagnosed with PTSD. These proportions are also the PPVs of having a PCL score of 50. We were unable to calculate negative predictive values, sensitivity, and specificity because all of the people in the sample had at least one PTSD diagnosis in VA administrative data.
Traditional statistical methods are not appropriate when comparing the PPV for at least one PTSD diagnosis with the PPV of at least two PTSD diagnoses because the latter are a subset of the former, creating data dependency. Therefore, in order to compare these data, we used bootstrapping methods to assess the statistical significance of the difference between the two PPVs [16] [17] [18] . We also bootstrapped the estimated decrease in sample size that resulted from using the more restrictive algorithm (at least two diagnoses) as opposed to the less restrictive algorithm (at least one diagnosis). We did this for the entire sample and for all subgroups of interest.
Finally, we used bootstrapping to determine whether sex, age, or clinic where first diagnosed separately modified the effect of the number of administrative diagnoses on the PPVs. For sex, for example, we took the ratio of the PPV for at least two diagnoses and divided it by the PPV for at least one diagnosis. We then compared the ratio for females to the ratio for males using bootstrapping techniques. Similar techniques are described by Cole [19] . If the confidence interval (CI) for these ratios of ratios did not include one, then a significant moderating effect was present; in other words, the effect of number of diagnoses on the PPV for PCL scores of 50 was significantly different between the groups for the variable in question. We used SAS version 9.1 (SAS Institute, Inc; Cary, North Carolina) for all analyses. For all bootstrap resampling, we took 2,000 resamples, each of size 4,777, that were randomly selected with replacement from the original sample. For all analyses, the statistical significance was defined as 0.05.
To determine whether nonresponse bias affected the results, we also calculated all PPVs after adjusting for potential nonresponse bias (results not shown). Respondernonresponder analysis compared those who answered all of the PCL questions with those who did not. To adjust for potential nonresponse bias, we used propensity scores. Specifically, we constructed response propensities and produced a weighted combination of within-propensity class estimates [20] . All variables that we had for both responders and nonresponders were used. The responders who had one or more missing items on the PCL were a very small group; they were 5 percent of all participants. As a comparison, nonresponders were 35 percent of all participants and responders who had no missing items on the PCL were 60 percent of all participants. Therefore, it is reasonable to assume that adjusting for nonresponse on the PCL specifically using multiple imputation would make little difference in the validity of our results.
RESULTS
Responder-Nonresponder
Responders and nonresponders differed on marital status (55% of responders were married vs 47% of nonresponders), OIF/OEF status (27% of responders were OIF/ OEF vs 40% of nonresponders), and age (36% of responders were < 45 vs 50% of nonresponders). Of note, responders and nonresponders were not different in terms of having a second PTSD diagnosis found in administrative data after the initial, new diagnosis (60% of responders vs 58% of nonresponders). Most of the differences between the adjusted and unadjusted (observed) PPVs were 1 percentage point, and the largest difference was 3 percentage points. The results were not appreciably altered by adjustment; therefore, the nonadjusted results are shown.
Main Results
Demographic characteristics for at least one and at least two PTSD diagnoses in administrative data are shown in Table 1 . Of particular interest is the distribution of PCL scores for at least one versus at least two PTSD diagnoses. More veterans are in the higher ranges for at least two diagnoses. As can be seen in Table 2 , for both the entire sample and for all subgroups, using at least two diagnoses instead of at least one increased the PPV of PCL scores of 50 and decreased the available sample size. Notice also that when using at least one diagnosis as the selection criterion, 75 percent of the overall sample will have PCL scores of 50, with those first diagnosed in primary care having a lower PPV (69%) and those aged 65 and older having an even lower PPV (61%). Those first diagnosed in non-PTSD mental health clinics have the highest PPV (80%).
As can be seen in Table 3 , all of the increases in PPV values that were found when at least two PTSD diagnoses in VA administrative data as opposed to at least one were used were statistically significant for the entire sample and for all subgroups. The largest increases in PPV were for those 65 and those diagnosed in primary care clinics. Not surprisingly, using at least two PTSD diagnoses as opposed to at least one also significantly decreased the sample sizes, with the largest decreases in those veterans 65 and those first diagnosed in a primary care clinic. Finally, as can be seen in Table 4 , the difference in the ratio of PPV ratios between males and females was not significant, whereas clinic where first diagnosed and age did show significant differences in PPV ratios. The effect of the number of PTSD diagnoses on the PPV of PCL scores of 50 across age groups was significant only when comparing the group of older veterans with the two younger age groups. Also, a significantly greater effect was noted for at least two diagnoses as opposed to at least one on the PPV for people first diagnosed in primary care as opposed to mental health or PTSD clinics.
Of note, the estimates of the differences in PPVs, decreases in sample size (Table 3) , and the ratios of ratios ( Table 4) are unbiased because the mean of the bootstrapped distributions are within 1 to 3 percent of the observed values [18] .
We can also be assured that our 95 percent CIs are accurate for two reasons. We followed the suggestion of Efron and Tibshirani in doing at least 1,000 bootstrapped samples to get accurate CIs [17] , and the bootstrapped distributions of the sampling distributions of the PPV differences, the sample size differences, and the ratios of ratios were symmetrical in shape. The more skewed the sampling distribution, the less likely that the 2.5 and 97.5 percentiles of the bootstrap sampling distributions reflect a true 95 percent CI.
DISCUSSION
In summary, we found significantly greater validity associated with using the more restrictive selection criterion (at least two PTSD diagnoses) than the less restrictive criterion (at least one diagnosis). Using at least two diagnoses instead of at least one also had the effect of significantly reducing the available sample size, with an overall reduction of 40 percent. This result persisted by subgroups, and significant moderating effects were also found.
Our data are consistent with those of Frayne et al. who also found a higher PPV when using at least two as opposed to at least one administrative PTSD diagnoses [4] . A contrasting result is that we found a PPV of 75 percent and Frayne et al. found a PPV of 82 percent for any outpatient visit. In addition, we found that the PPV of primary care visits was lower than the PPV for mental health care visits (69% vs 80%), whereas Frayne et al. found the opposite (88% vs 85%) when using at least one diagnosis as the criterion; however, both studies suggest a variation by clinic type. Differences are possibly due to study design, particularly our dependent variables and the time frame used to search for PTSD diagnoses in administrative data. Our study is potentially more accurate because we were using contemporaneous measures of PTSD diagnosis and PCL score, whereas Frayne et al. used lifetime self-reported PTSD diagnosis as their dependent variable. Additionally, our difference was larger and statistically significant.
Although Magruder and Yeager used a drastically different study design [3] , some comparisons can be made. Their study gave evidence that PTSD diagnoses are under-recognized in primary care. Our study suggests that PTSD is potentially over-diagnosed in primary care compared with other settings because based on our comparison with PCL scores, many of the initial diagnoses are likely to be in error. Magruder and Yeager looked at subgroups and, similar to our study, found no significant differences in provider recognition of PTSD (finding at least one PTSD diagnosis in administrative data) based on sex, but did find a difference based on age, suggesting possible differences in clinical severity or presentation by age cohort.
Limitations
There are several limitations to this administrative data analysis. One limitation was that it is a secondary analysis of a larger study. Since the PCL was only given to those people who were identified in VA administrative data as having at least one PTSD diagnosis, we were unable to calculate sensitivity, specificity, or negative predictive value. However, we were able to look at the correspondence between administrative data and PCL scores by looking at PPVs. The data analyzed were restricted to newly diagnosed PTSD patients (defined as not having had a PTSD diagnosis in the previous year); however, if participants were seen outside the VA or if they had another PTSD diagnosis before that year, it is possible that some of these were not new cases. In addition, we only used a 4-month period to look for a second diagnosis. Using more than 4 months or using any alternate time frame could create different results. This study does however provide a large national sample that allows for comparison of administrative data with PCL scores across different care settings and types of patients.
A second limitation of this study was that the survey response rate was average to low (65%). To potentially combat this, we examined differences between responders and nonresponders and used propensity methods to adjust for these differences when estimating the PPVs. The observed PPVs were very similar to the PPVs that were adjusted for potential nonresponse bias.
A third limitation was that this secondary analysis did not allow for conclusions to be made regarding the reasons for the findings. It is possible that veterans who have more severe cases of PTSD are preferentially seen [24] . It is unclear whether methods exist that would allow for more consistency or accuracy in entering PTSD diagnoses into VA administrative databases. More research is needed in three areas. First, more studies are needed that compare PTSD diagnoses in VA administrative data with one of the gold standards for diagnosing PTSD: the SCID or the CAPS. Second, various algorithms should be tested on VA administrative data so that researchers can use administrative data and be as accurate as possible when using it. Third, future studies need to include a more complete look at accuracy, including sensitivity, specificity, PPV, and negative predictive value.
Sample Selection Recommendations
To select a sample of veterans who have a more definitive PTSD diagnosis using administrative data, researchers should select those veterans with at least two PTSD diagnoses as opposed to at least one. This is particularly true for those first diagnosed in primary care and for older veterans. Using at least two diagnoses might be particularly useful in situations in which a researcher wants to examine the effects of an intervention for those with chronic illness or wants a pure sample to test a PTSD medication. Another consideration might be cost. If a researcher is doing expensive face-to-face interviews, it may be important to have more confidence in the PTSD diagnosis. However, if a researcher is conducting a postal survey, it may not be as expensive to include people with fewer symptoms who may not have PTSD. If doing a study similar to this one, researchers will have to allow for longer recruitment periods to get the sample size needed.
Researchers may also choose to continue to use at least one diagnosis as their criteria. If choosing to do this, 75 percent of the sample will have PCL scores of 50. This suggests that for 75 percent of the sample, researchers can have a relatively high degree of confidence in the accuracy of the PTSD diagnoses but will be more likely to include some people who probably do not have PTSD. Less confidence can be given to PTSD when it is first diagnosed in primary care and in those 65. Using at least two diagnoses may not be as important if a researcher is only studying those first diagnosed in non-PTSD mental health or PTSD clinics or veterans under the age of 65. Additionally, researchers might consider using at least one diagnosis if they are doing a study focused on the utility of a new diagnostic tool or on interventions to engage veterans in mental health treatment. In these cases, it might be reasonable to include people with less severe PSTD symptoms. Another consideration is if one is doing a local study as opposed to a national study; in a local study, a severe reduction in sample size may not be practical. Knowledge of the PPV of different sampling algorithms can help researchers know with more accuracy the actual composition of their samples.
CONCLUSIONS
The investigation of the validity of PTSD diagnosis codes found in VA administrative data is essential to using these codes appropriately in VA research. The results of this study indicate that to select a sample of veterans with more definitive PTSD from VA administrative data, researchers should select those veterans with at least two diagnoses as opposed to those with at least one. This is particularly true for those first diagnosed in primary care and for older veterans but statistically significant for the entire sample and all subgroups of interest: age, sex and clinic where first diagnosed. Researchers should also consider the consequences of using one algorithm over the other in terms of the desired homogeneity and sample size. It is important for researchers to know with more accuracy the actual composition of their samples when using VA administrative data to select samples for PTSD studies so that accurate inferences can be made and, ultimately, more effective interventions for PTSD can be developed. More research is needed on the validity of PTSD diagnoses found in VA administrative data.
